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id.il 
SUMMARY 
The -investigation was conducted primarily to determine what effect 
louver blade shape, proportion and spacing has on the performance of toe 
louver type dust separa tor . Coincident with the primary investigation^ 
the effects of dust parti';.le density and the locat ion of the back wall 
with respect to the louver olade were also studied« 
The effect of louver blade shape was determined by t e s t ing eight 
di f ferent individual louver blades* The t e s t blades were constructed so 
that features believed to effect separation were varied i n such away tha t 
the effect of each feature could be determined. Each blade was tes ted 
under varying 'conditions of dust concentration that simulate conditions 
in an actual dust separator*, Additional tes te were conducted with se lec t -
en blades using a dust with a mass densi ty much lower than that used in 
the or iginal t e s t s * With three blades the distance from the back wall was 
varied aril the effect on the performance of the blades observed and compar-
ed* 
The louver blade shape was found to effect the performance of the 
dust separator in two ways I f i r s t * the blade shape effects the pressure 
drop across the louver opening for any fixed flow ra te through the open-
i.ngj and. second, the blade shape effects the efficiency of the blade in 
removing dust p a r t i c l e s from the a i r* The most revealing feature of the 
inves t igat ion was that.,, with other conditions being equal5 tim blade tha t 
operated with the lowest pressure drop across the louver opening also was 
the moat eff ic ient i n removing dust pa r t i c l e s from the a i r« Of a l l the 
i;r 
blades tes ted the one with a curvi l inear prof i le approximating that of a 
convergent nozzle gave the best performance* 
The effect of the mass dens i ty of the dust pa r t i c l e s had a very 
pronounced effect on the efficiency of dust separation*, The efficiency 
of the blade was considerably less i n removing pa r t i c l e s tha t weighed 
nine pounds per cubic foot than, for pa r t i c l e s weighing two hundred f i f ty 
eight pounds per cubic foot* Only two types of dust were tes ted thus the 
re la t ionship between mass densi ty and the eff iciency of the louver blade 
was not determined. 
The locat ion of the back wall with respect to the louver blade was 
found to have r e l a t i v e l y l i t t l e effect on the efficiency of the louver 




The Problem«—The p r a c t i c a l i t y of the louver type dust s e p a r a t o r has been 
demonstrated numerous t imes * I t employs the simple f a c t t h a t t h e k i n e t i c 
energy of a moving dust p a r t i c l e i s g r e a t e r than t he kinet ic , energy of an 
equal volume of a i r moving wi th t he same v e l o c i t y * The louver b lades of 
the s e p a r a t o r a r e arranged so t h a t the a i r i s d e f l e c t e d through the open-
ings between t h e b l a d e s wh i l e t h e g r e a t e r k i n e t i c energy of t h e dus t p a r -
t i c l e s fo rce them p a s t t h e openings« Seve ra l s e p a r a t o r s of t h i s type have 
been made and used for- some time© 
Soma s t u d i e s of the mechanism of s e p a r a t i o n i n t h e louver s e p a r a t o r 
have been made and t h e paths of t h e d u s t p a r t i c l e s theor ized , . However^ 
the l i m i t a t i o n s imposed i n t h i s t h e o r e t i c a l work l i m i t the use of t h e s e 
s t u d i e s when app l i ed t o t h e p r a c t i c a l des ign of louver b lades , , 
The problem under taken i n t h i s i n v e s t i g a t i o n was the de t e rmina t ion 
of the e f f e c t of louver b lade shapeP spacing and proportion on the mecha-
nism of dust separata on* 
Previous Work»*~Harweli (i) in 1950, Matheson (2) in 1952 ana Smith (3) 
in 1953 submitted* at tha Georgia Institute of Technology9 theses on the 
louver dust separator * Harwell and Matheson made detailed, analyses of 
performance data from separators employing flat blades* A literature 
search by Matheson showed that very l i t t l e had been published about the 
mechanism of separation or the design of these separators* Smith analyzed 
:•. 
the path of a dust par t i c le for two idealized conditions and discovered 
some of the weaknesses of the f la t blades and the louver housings used by 
Harwell and Matheso.n. Smith then b u i l t and tes ted a louver separator 
employing blades that had a lr5 degree l i p formed on the down stream edge 
to deflect the dust pa r t i c l e s away from the louver openings• These blades 
were employed i n a louver hewing that maintained a constant- veloci ty of 
the dnst laden a i r down the louver face . 
Objective»-»~The pr inc ipa l objective of t h i s inves t iga t ion was to determine; 
the effect of various l o w e r blade shapes on the mechanism of dust separa-
tion* This involved the analysis of experimental data obtained from an 
apparatus' designed to t e s t selected individual louver blade elements, 
Additional objectives were t o determine the effect of the back wall loca-
t ion and the mass densi ty of the dust pa r t i c l e s on the mechanism of separa-
ta on« 
CHAPTER I I 
PRELIMINARY STUDIES 
S tud ie s of J« L« Smith,—-The most thorough s tudy of the mechanism of 
s e p a r a t i o n i n t h e l o w e r type dus t s e p a r a t o r was conducted by Smith (3) 
i n 195.3« P r i o r t o t h a t time a l l known experiments w i th the louver dus t 
s e p a r a t o r had been made us ing a s e r i e s of s t r a i g h t b l ades or vanes a r -
ranged a t an angle t o the d i r e c t i o n of f l a t of the d u s t laden a i r down 
the louver face (U)« Smith observed t h a t t h i s arrangement caused the 
dus t p a r t i c l e s t o s t r i k e the louver b lades i n t h e immediate a r e a of t h e 
opening between t h e b lades w i t h the r e s u l t t h a t t h e s e p a r t i c l e s were sub-
j e c t e d t o the drag of t h e a i r pass ing through t he louver openings„ P a r -
t i c l e s t h a t f o r any reason did not rebound from the louver face w i t h suf-
f i c i e n t v e l o c i t y and i n t h e proper d i r e c t i o n were c a r r i e d through the 
louver opening and not separa ted* The obse rva t ion was made t h a t i f the 
v e l o c i t y of the dus t l aden a i r decreased (and t he p r e s s u r e i n the a i r 
s t ream was t hus i n c r e a s e d ) as i t moved down the louver face the down 
s t ream b lades became l e s s e f f e c t i v e i n s e p a r a t i n g d u s t . This was p a r -
t i c u l a r l y ob j ec t ionab le s ince the concen t r a t e on of d u s t i n c r e a s e s as the 
dust l aden a i r moves down the l o w e r face* 
Based on t h e s e observa t ions Smith b u i l t and t e s t e d a s e p a r a t o r us -
ing b lades embodying a s t r a i g h t s e c t i o n p a r a l l e l to t h e d i r e c t i o n of flow 
of the d u s t laden a i r and wi th a h$ degree l i p formed on t he down stream. 
edge• The b lades were arranged i n the s e p a r a t o r so t h a t t he opening 
h 
between the blad.es was immediately down stream from the U5 degree l i p and 
the projected area of the l i p i n the d i rec t ion of flow of the dust laden 
a i r was equal to the area of the opening between the blades • This arrange-
ment removed the point of impact of the dust pa r t i c l e s with the blade from 
the immediate area of the opening between, the blades* The separator hous-
ing was designed so tha t the veloci ty of the dust laden a i r down the lou-
ver face would be constant and the veloci ty of cleaned a i r through each 
Of the. openings between the louver blades would be the same* Smith also 
developed an ana ly t ica l equation for the path of a pa r t i c l e in the dust 
laden a i r stream as i t moves past a louver opening and an equation for the 
path of a p a r t i c l e a f t e r impact with the louver blade* These indicate 
t ha t the mechanism of separat ion i s independent of the i n i t i a l veloci ty 
of the dust, laden a i r down the louver face but i s dependent on the r a t i o 
of the ve loc i ty through louver opening t o the ve loc i ty down the louver 
face© The equations a lso indica te that the s ize and densi ty of the par-
t i c l e w i l l effect separation,, 
As a r e s u l t of his analysis and t e s t s Smith concluded tha t the per 
cent of dust separated was e s sen t i a l l y independent, of the i n i t i a l veloci ty 
of the dust laden a i r i f t h i s ve loc i ty was maintained dcmn the e n t i r e lou-
ver face and tha t the per cent of dust separated was e s s e n t i a l l y independ-
ent of the i n i t i a l concentration of d u s t . The s tudies also showed tha t 
the separator was effect ive for p a r t i e l s s as small as t en microns and tfoat 
i t would perform effect ively with a very lew pressure loss i f the i n i t i a l 
ve loc i ty of the dust laden a i r were suf f i c ien t ly reduced. Smith a lso be-
lieved t ha t the drag created by the walls bounding the louver blades may 
have slewed the a i r along these surfaces to a degree tha t adversely ef fec t -
ed the efficiency of the. separator' and that the rebound of pa r t i c l e s from 
5 
the back wall opposite the lower face had the same ef fec t • 
Conclusions from Preliminary Studies»-*-From the preliminary s tudies i t i s 
concluded tha t the per cent separation i n the louver dust separator i s 
e ssen t ia l ly independent of the i n i t i a l dust concentration and the i n i t i a l 
ve loci ty of the dust laden a i r . I t i s a l so concluded t h a t the shape^ 
proportion and spacing of the individual louver blades have a def ini te 
but undetermined effect on the meehanism of separation* The wall opposite 
the louver face and those at the ends of the louver blades may have some 
effect1 on the mechanism of separa t ion. Size and density of the dust par-
t i c l e s do have an effect on the mechanism of separat ion that can be pre-
dicted by approximate formulae {$) * 
CHAPTER I I I 
LOUVER BLADE DESIGN 
Louver Blade Function,—The func t ion of the b lade of t he louver dus t sepa-
r a t o r i s to cause the d u s t p a r t i c l e t o move away from the louver face and 
a t the same time pe rmi t the a i r i n the immediate v i c i n i t y of t h e louver 
face t o pass through the openings between t h e b l a d e s * The movement of 
the dus t away from the louver face should be accomplished wi th the l e a s t 
p o s s i b l e l o s s i n k i n e t i c energy i n the a i r and i n t h e d u s t p a r t i c l e s . I t 
should a l s o be accomplished i n such a way t h a t i t w i l l e l i m i n a t e the p o s -
s i b i l i t y of a "chance" rebound from the louver b lade t h a t would d i r e c t a 
dus t p a r t i c l e through the louver opening* I n a d d i t i o n any p a r t i c l e t h a t 
passes over an opening between two louver b l ades should be moving i n such 
a d i r e c t i o n and w i t h s u f f i c i e n t momentum t o p reven t i t s be ing drawn through 
t he opening by t he drag of t he c leaned a i r , 
In order t o analyze t he mot ion of a d u s t p a r t i c l e Smith developed 
two formulae (£) t h a t give t h e i d e a l i s e d p a t h of a p a r t i c l e sub jec ted t o 
the measurable cond i t ions i n t h e louver type d u s t s e p a r a t o r * For a p a r -
t i c l e t h a t j u s t misses t h e t i p of one b lade and passes over t h e opening 
between two b lades w i t h an i n i t i a l v e l o c i t y equal t o t h a t of the i n l e t a i r 
stnd i n the same d i r e c t i o n as the I n l e t a i r the approximate formula for the 
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where D ~ the d iamete r of the pax tic."be 
"Pp s the d e n s i t y of the d u s t p a r t i c l e 
i*a ~ t h e d e n s i t y of t h e a i r 
Vv - the v e l o c i t y of t he a i r through the louver opening 
V s t h e v e l o c i t y of the a i r down the louver face 
.2% 
x s the d i s t a n c e p a r a l l e l t o flew of i n l e t a i r 
y - t he d i s t a n c e normal t o flow of i n l e t a i r 
The o r i g i n of t h e coo rd ina t e system i s a t the t i p of the b l ade 
j u s t missed by t h e p a r t i c l e » 
For a p a r t i c l e t h a t rebounds from the i n c l i n e d s e c t i o n of the louver blade 
the p a r t i c l e pa th i s given by the formula 
•where ¥ « y v e l o c i t y of the p a r t i c l e a f t e r impact 
As Smith p o i n t s out t he se formulae a re only approximations and 
assume i n i t i a l cond i t i ons t h a t are h y p o t h e t i c a l * However^, they do i n d i -
ca t e t he p h y s i c a l f e a t u r e s of the d n s t p a r t i c l e and the b l ade des ign t h a t 
have the major e f f e c t on t h e mechanism of s e p a r a t i o n . From the f i r s t 
.formula i t can be seen t h a t t h e d iameter and the d e n s i t y of t h e dus t p a r -
t i c l e and the r a t i o of the T e l o c i t y of t he a i r through the l o w e r opening 
oo t h e v e l o c i t y of the dust- 'laden ait- aovm the l e a v e r face w i l l e f f e c t the 
p a r t i c l e path* From the second formula i t i s seen t h a t i n a d d i t i o n t o 
t.hese same f a c t o r s the v e l o c i t y of the p a r t i c l e normal to t h e d i r e c t i o n 
of flow of t h e i n l e t a i r w i l l e f f e c t the pa th of a p a r t i c l e a f t e r impact 
with t h e louver b l a d e , 
Many e t h e r f a c t o r s t h a t e f f e c t t he mechanism of s e p a r a t i o n cannot 
r e a d i l y be i n c i t e d i n an a n a l y t i c a l formula* They i n c l u d e t he cond i t ions 
of impact of the dus t p a r t i c l e w i t h the louver b l a d e 5 t h e e f f e c t of im-
p a c t between d u s t p a r t i c l e s $ the l o c a t i o n of any impact wi th r e s p e c t t o 
the louver opening and: t h e e f f e c t s of t u rbu l ence i n t h e dus t laden a i r 
stream* I f s e p a r a t i o n could be e f f e c t e d i n such a way t h a t these f a c t o r s 
could be e l imina t ed or t h e i r d e t r i m e n t a l e f f e c t s reduced t h e e f f i c i e n c y 
of the s e p a r a t o r should be improved» 
Since i t can be assumed t h a t --ill impac t s , whether between p a r t i c l e 
and b l ade or between pa r t i c l e s_ , would cause a l o s s of k i n e t i c energy any 
c o n f i g u r a t i o n t h a t would reduce the number of impacts or the v io lence wi th 
which impact occurs would reduce t h i s energy l o s s . I f t h i s same configura-
t i o n would e f f e c t i v e l y move the p a r t i c l e s away from the louver face the 
e f f i c i e n c y of the s e p a r a t o r would be improved. S imi la r ly , , i f t he energy 
l o s s t h a t occurs i n the a i r mass as a r e s u l t of molecu la r impact could be 
reduced t h e r e should be l e s s p r e s s u r e drop across t h e louver opening and 
the power r e q u i r e d fo r s e p a r a t i o n would be reduced* Assuming t h a t impact 
between p a r t i c l e s and the b lade and between p a r t i c l e s cannot be e l imina ted 
then i t should be made t o occur in a r e g i o n t h a t w i l l a l low t h e drag of 
the a i r down the louver face t o a c c e l e r a t e t he p a r t i c l e t o near i t s 3 
o r i g i n a l v e l o c i t y down the louver face by t he t ime it , passes over an open-
ing between the louver b l ades* The harmful t u rbu lence i n t h e dus t laden 
a i r can probably be reduced by i n c o r p o r a t i n g i n t he louver b lade design 
f e a t u r e s t h a t a r e known t o improve t h e flow c h a r a c t e r i s t i c s i n duc t s and 
iioz&L&s* 
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Louver Blade Design,—The effect of particle size and density can only be 
evaluated for any given louver blade design but most of the other factors 
that effect separation can be accounted for in the design of the louver 
bladeo 
The velocity of the dust laden air down the louver face can be con-
trolled by changing the cross sectional area of the dust laden air passage 
after each louver opening. The ratio of the velocity of the air through 
the louver opening to the velocity down the louver face can be controlled 
by the pressure drop that is allowed across the opening and by the width 
of the openingo Although no way is seen to eliminate the impact of dust 
particles on the louver blade the adverse effects of the impact could 
possibly be lessened by reducing the angle of impact between the blade 
and the particle or by employing a curved blade where the particles may 
strike the blade at a very small angle and then slide or roll along the 
surface of the blade0 This curved blade could also be used to reduce the 
harmful impact of air jets in the dust laden air. The distance between 
the point of impact and the louver opening could be increased by adding 
a straight section of blade parallel to the direction of flow of the in-
let air before the louver opening« 
The louver blade shape that will give the optimum performance can-
not be designed from analytical or empirical equations available at the 
present tim1?, 
CHAFFER IV 
SELECTION OF LOWER BIADES FOR INVESTIGATION 
Louver Blaae Prof i les a —Two f a c t o r s were cons idered i n the s e l e c t i o n of 
p r o f i l e s for t he louver b lades t o be i n v e s t i g a t e d . They were the f e a s i -
b i l i t y of making the b lades w i t h t h e equipment a v a i l a b l e and what p r o f i l e s 
would provide t he most in fo rmat ion about the mechanism of separat ion*, 
Sheet me ta l working equipment was a v a i l a b l e t h a t could form angles 
up t o 90 degrees and form a c c u r a t e curved su r f aces wi th a r ad iu s as sma l l 
as 0o5 incheso I n a d d i t i o n t o t h i s s t anda rd equipment a j i g was made t h a t 
would i n s u r e a c c u r a t e p o s i t i o n i n g of t h e p a r t s of the louver b l ade assem-
b l y dur ing t he assembling p r o c e s s . The j i g made i t p o s s i b l e t o hold a 
t o l e r a n c e of p lu s or minus I/6I4. i nch as the p a r t s were spot welded t o -
g e t h e r . A l l of t he b l ades were made of 2k gage s t e e l * The o v e r a l l dimen-
s ions of t h e assembly was 9 i nches i n t h e d i r e c t i o n of flow of the I n l e t 
a i r and 6 inches normal t o t h i s f l ew. 
Eight p r o f i l e s $ F igures 1_, 2 and 3 5 were s e l e c t e d f o r the t e s t s and 
a l l b u t one of these employed a US degree l i p formed on the down s t ream 
edge of the b lade» The l i p on t he e i g h t h blade was formed as t h e a r c s of 
a c i r c l e w i t h a 0 ,5 inch r a d i u s * Only one opening was provided i n any 
blade assembly even though t h r e e l i p s were formed on some of t h e b lades 
to c r e a t e a flow p a t t e r n t h a t would approximate t h a t found i n a mul t ib lade 
s e p a r a t o r * The maximum width of t h i s opening was 0o5 inches fo r any b lade 
assembly and the r a t i o of t he l e n g t h t o m a t h of t h i s opening was 12 t o 1 
or g r e a t e r i n a l l cases * I t was tiros be l i eved t h a t t h e e f f e c t of t he end 
walls would be negligible* The length of the s t r a igh t section before the 
l i p on the blade varied from 0*88 inches to over £0 inches* The f ron ta l 
area of the blade l i p was 0«2> square inches per inch of length for five 
of the assemblies and -was 0„5> square inches per inch of length for the 
other t h r e e . The r a t i o of the l ip f ron ta l area to the blade open area 
was 1 to 1 for six of the assemblies s and 2 to 1 and 2 to 3 for the other 
two, 
Dust Samples Selected*—The dust samples selected for the t e s t varied 
great ly in densi ty but had approximately the same pa r t i c l e s ize d i s t r i bu -
t i o n . The dust with the highest mass densi ty was Norton Company's Alundum 
2l|0 g r i t abrasive* I t has a mass densi ty of approximately 25>8 pounds per 
•rubic foot* The p a r t i c l e s , Figtsra $$ were angular and presented, many sharp 
corners* The pa r t i c l e s i ze d i s t r ibu t ion of th i s dust i s shown i n Figure 6* 
The low densi ty dust selected was Bake l i t e Company's ICicroballons» This 
material i s made to f loa t on the surface of o i l storage tanks to prevent 
evaporation,, The mass densi ty of the MLcroballons i s approximately 9 
pounds per cubic foot* The majority of the p a r t i c l e s , Figure 75 are 




The Air System,---The appara tus was b u i l t e n t i r e l y from new m a t e r i a l s and 
Figures 13 t h r u 17 show the l ayou t of t he equipment . 
Ai r for the t e s t s was supp l i ed by a s i n g l e s t age Type "F" American 
Blower Company p re s su re f a n , Model 6-28 » The fan was powered by a f i f t e e n 
horsepower, 3500 RFM motor* This provided an a v a i l a b l e supply of 61*0 cu-
b i c f e e t of f r ee a i r per minute a t a p r e s s u r e of 53 inches of water* The 
volume of a i r s u p p l i e d was c o n t r o l l e d by a c o n i c a l va lve i n t he t e n inch 
i n l e t duct of the f a n . The fan was l o c a t e d near a w a l l and the i n l e t duct 
was connected t o t h e fan. by a 90 degree elbow <> 
From the o u t l e t of t h e f an the a i r passed i n t o a s e c t i o n of s i x 
inch s t e e l p ipe 80 inches long« This was connected t o a 20 i n c h l eng th 
of the same d iamete r pipe by p r e s s u r e tap f l a n g e s 0 An orifice plate for 
measuring the flow of air in the pipe was placed between the two flanges« 
In order to keep the length of pipe between the fan and the orifice to a 
minimum a straightening vane was installed in the 80 inch length of pipe 
in accordance with the recommendations of Stearns, Jackson, Johnson and 
Larson (6)* The vane was constructed from .nineteen 12 inch lengths of 
one inch diameter thin wall electrical conduit,, These were soldered into 
a bundle and held In the six Inch pipe by two set screws* The outlet of 
the vane was located 31 inches upstream from the orifice plate* The air 
passed from the 20 inch length of pipe through a transition section that 
changed the cross section of the pipe from a s±x inch diameter circle to 
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a six inch square . This t r ans i t ion section was 16 inches long and pro-
vided a maximum divergence of less than k degrees along any l ine pa ra l l e l 
to the d i rec t ion of flow 
Dust Feed Mechanism^—A dust feed mechanism^ Fig-ore 16, was arranged to 
discharge i n t o the t r a n s i t i o n sect ion a t a point 6 inches downstream from 
the end of the six inch, pipe* Compressed a i r from the laboratory system 
•was used to i n j e c t the dust in to the main a i r Stream* Trie dust hopper 
was mounted above the in jec tor OE three rods one eighth inch i n diameter 
so t h a t the v ibra t ion of the apparatus caused the d ie t hopper to vibrate 
in such a way tha t the dust floe? was at a nnifonn ra te* The ra te at which 
the dust could be injected was control led by a conical valve in the bottom 
of the dust hopper* The flow ra t e s could be varied from 2£ grams per min-
ute t o 7^0 grams per minute for Norton Company*s 2I4O g r i t Alundrum and 
from £0 grams per minute to 2I4O grams per minute for Bake l i t e Company's 
Liicroballons 0 
Test Sectiono—The t e s t section-was constructed to receive the test:, blade 
assemblies, Figure U.> and to provide a movable wall opposite these assem-
b l i e s o The sect ion 1»as constructed of Kasonits and wood, and was Qh inches 
long and 6 inches high tftroughcut this length* A two sided venturi a r -
ranged in the horizontal plane reduced the 6 inch square in le t of the 
section to a ,3 inch, tj 6 Inch threat 1:0 the f i r s t 3 inches of the section,, 
One side of the sect ion -was extended from the ve r tu r i throat with it: d i -
vergence. The t e s t blade assemblies were mounted iu t h i s side at a point 
5>2 inches from the th roa t . Thw epposifre side was fringed a t the venturi 
throat and ccoi.d be moved to change the divergence angle from zero degrees 
to a maximum of 3.$ degrees., The movable wall was jointed a t a point: 
h6 inches down stream from the ventured throat by a flush liinge ani the 
l a s t 35 inches of the movable wal l was held p a r a l l e l to the opposite 
s tat ionary s i d e . Twenty inches beyond the t e s t blade assemblies the 
blowdown a i r and dust entered a blowdcwn f i l t e r bag through a 6 inch 
long t r a n s i t i o n section* The blowdown f i l t e r bag Was approximately 16 
inches i n diameter and was 60 Inches long* I t was made by sewing two 
standard U.S. Army dnffle bags together end to end. 
The cleaned a i r made a 180 degree change i n d i rec t ion i n passing 
through the t e s t blade assemblies and entered a rectangular duct with a 
cross sect ion of 6 inches by 1-1/8 inches . This du..t was changed by a 
t r ans i t i on section in to a round tube 1-1/2 inches i n diameter i n approxi-
mately seven inches of length* The round tube was 10 inches long and 
conducted the cleaned a i r i n to a dust bag i n the cleaned a i r dust co l l ec t -
ing chamber. 
Cleaned Air Dust Collecting Chamber-.—The purpose of the cleaned a i r dust 
col lect ing chamber5 Figure 17n was to remove^ by f i l t r a t i o n ^ any dust that 
may have escaped separation by the t e s t blade assembly. The device con-
s i s t ed of a holder for a disposable Elect-rol'cot vacuum cleaner bag, an i n -
l e t tube frost the t e s t blade assemblies, arid an ot i t let pipe to a rotameter* 
The Eleotroluc bag was provide I with a peril: ra ted robber diaphragm cine, 
sealed the bag to the i n l e t tube. After passing through the bag the a i r 
was col lected in a cyl indr ical san 6 inches I r diameter and 12 inches high 
that ouurv/aridcd the bug and directed by a hinged caracal sect ion en top 
of the cylinder into a 1-1/2 inch s t ee l pip- that, lead to a rotameter« 
ring to prevent the .loss of air and. to permit the removal of the Electro-
lux bag for -weighing„ 
Flow Meters.—One orifice flowmeter and one rotameter were incorporated 
in the apparatus. The orifice mater was placed in the 6 inch diameter 
pipe to measure the volume of air entering the test section* The orifice 
meter was a flange tap installation with l/2 inch pressure taps located 
1 inch up stream and 1 inch down stream from the center of the orifice 
plate* The flanges,, gaskets and orifice plate were purchased from the 
Foxboro Company5 FoxborOj, Mass.? and installed in accordance with the 
manufacturers instructions » The pressure differential across the orifice 
plate and the static pressure up stream from, the plate were measured by 
"TJ" tube manometers filled with water* 
The cleaned air was measured with a rotameter flow rater., The me-
ter used was a Schutte and Koerting model 18200 Safeguard Rotameter, The 
meter had a range of from zero to fifty two cubic, feet per minute«, The 
2 meter was calibrated by the manufacturer" and, provided With a calibration. 
correction chart to correct for inlet condition? different from those for 
which the meter was calibrated. 
Miscellaneous Equipment »»~A we-b-dry bulb thermometer^ a barometer,, a bal-
ance sensitive to 0*1 gram,, a chaisomatic balance sensitive to 0*001 gram 
and a stop watch were also 'as so. duriisg the <? end act of the tests-• 
: , i : . 
Pa, 
,J-Tne Foxboro Company9 Foxboro, Mass*,, bulletin 6* 110 dated July 
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Each t e s t b l ade assembly was t e s t e d by va ry ing the d u s t concen t ra -
t i o n i n t h e i n l e t a i r stream* Five r u n s , each w i t h a d i f f e r e n t dus t con-
c e n t r a t i o n , were mad&c On each of the f i v e runs 300 grams of dus t -were 
i n j e c t e d i n t o t h e i n l e t a i r s t ream and t h e r a t e of i n j e c t i o n was va r i ed 
to give the desired, c o n c e n t r a t i o n . 
P r i o r t o T.he s t a r t of any t e s t f i ve dus t samples were prepared i n 
i n d i v i d u a l c o n t a i n e r s and f i v e E l e c t r o l u x vacuum c l e a n e r bags used t o f i l -
t e r the c leaned a i r were weighed* To minimise t h e hygroscopic change I n 
weight of the dus t ;:-)d bags they were placed i n a room where the tempera-
t u r e was he ld a t 66 degrees„ p lu s cr minus 1 degree %, and the humidity was 
held a t 58 per cen t 3 p lus or minus 1 per een t 5 f o r a per iod of at l e a s t 
12 hours before weighing,, I n t h i s room t h e d u s t was spread i n a t h i n 
l a y e r and t h e bags were expanded t o expose the g r e a t e s t p o s s i b l e a rea t o 
the atmosphere., The dus t samples ware weighed on a. ba lance s e n s i t i v e t o 
0*1 gram and the bags were weighed on a ba lance s e n s i t i v e t o 0*001 gram. 
At t h e time of weighing a "control1* bag was a l s o weighed„ I t was s u b -
j e c t e d t o the same t rea tment as the o ther bags except t h a t no d u s t vas 
c o l l e c t e d i n i t « At the complet ion of t h e runs the f i v e f i l t e r bags and 
the "control** bag were r e t u r n e d to t h e i r former p o s i t i o n s i n the cons tan t 
temperature room f o r a period, of at- l e a s t 12. hours before reweighing* At 
the :cd.r:\Q of reweighing the " c o n t r o l " bag was used as a standard* t o c o r r e c t 
for any hygroscopic weight change that may have occurred, 
The louver blade assembly to be tes ted was bolted in the apparatus 
and a l l the cracks around the periphery were sealed with put ty to prevent 
the passage of a i r and dust except the louver s l o t . The blower was s t a r t -
ed and ran u n t i l the temperature of the a i r a t the i n l e t a i r or i f ice had 
r isen about l|X) degrees above room temperature* The compressed a i r for 
the dust in jec tor was then adjusted to 2% pounds per square inch gage 
pressure and the a i r flow ra tes through the apparatus were adjusted• The 
dust hopper valve was set for the desired dust concentration and the f i r s t 
of the weighed bags was placed i n the cleaned a i r f i l t e r . . The flow rates 
tt?ere then rechecked and adjusted i f necessary and a l l manometers, thermo-
meters and the rotameter were read and the readings recorded. At th is 
time the weighed sample of dust was poured in to the dust hopper and the 
time required for in jec t ion in to the i n l e t a i r stream was recorded* At 
the completion of the run the cleaned a i r f i l t e r bag was removed from the 
f i l t e r and the second bag placed i n the f i l t e r « The dust hopper valve was 
se t for a higher discharge ra te and necessary flow r a t e adjustments were 
made* All meter readings were again recorded and the second dust sample 
was injected* This procedure was repeated for each of the five runs . At 
the completion of the f ive runs the apparatus was shut down and the blow™ 
down dust bag was emptied and the louver blade assembly was changed* 
A t o t a l of e ight d i f ferent blade assemblies were tes ted with Norton 
Company's uAlundumn 22*0 g r i t abrasive as the dust and three blades were 
tested with Bake l i t e Company's "Mi croba lions'1 as the dust,,,, 
To tes t the effect of the back wall on the mechanism of separation 
a number of runs were made i n which the back wall of the apparatus was 
moved 1 inch c loser to the louver blade for each successive run» During 
these t e s t s the weight of dust injected was changed for each, run so tha t 
the dust concentration in the in le t a i r stream was approximately the same 
for each run* Three blades were tes ted to determine the effect of the 
back wall location* 
CHAPTER VII 
DISCUSSION CF RESULTS 
General^—In the t e s t s u s i n g Alundum 2I4O g r i t dus t t h e smal l mass of dus t 
recovered by t h e c leaned a i r f i l t e r bags made a c c u r a t e weighing of these 
bags t he most c r i t i c a l measurement of t he t e s t s „ Extreme car;? was taken 
i n t he weighing procedure t o account fo r hydroscopic e f f e c t s but o ther un-
accountable l o s s e s a f f ec t ed the we igh t of the f i l t e r bags i n an u n p r e d i c t -
ab le way* To determine the maximum e f f e c t of t h i s unaccountable weight 
change f ive bags were p laced i n the appara tus and run fo r pe r iods of from 
one t o s i x minutes w i t h no d u s t being i n j e c t e d and weighed i n the same 
manner as t he o ther t e s t bags* The r e s u l t s of t h i s t e s t , Table 6} show 
t h a t the unaccounted for we igh t change should n o t exceed p lus or minus 15 
mi l l ig rams* For any i n d i v i d u a l run t h a t was made t h i s would r e s u l t I n an 
e r r o r i n the c a l c u l a t e d e f f i c i e n c y of t h e t e s t b lade not g r e a t e r than p lu s 
or minus 0,2 per cent* The smal l mass of dus t recovered a l s o made i t Im-
poss ib l e t o determine the p a r t i c l e s i z e d i s t r i b u t i o n of t h e d u s t t h a t e s -
caped s e p a r a t i o n by the louver b l a d e . No loose dus t could be found i n any 
of the f i l t e r bags and an examinat ion of the i n n e r su r face of the bag used 
In run number $ showed approximate ly one dus t p a r t i c l e imbedded In the 
inne r su r face f o r each f i v e square cen t ime te r s of su r face examined* 
In the t e s t s us ing Microbal lons the e f f i c i e n c y of the louver b lades 
sas much lower and t he weight of dus t t h a t escaped s e p a r a t i o n was approx i -
stately twenty times as g r e a t as f o r Alundum* The e r r o r I n e f f i c i e n c y r e -
u n i t i n g from the unaccountable change i n weight i n t he se t e s t s i s l e s s 
than plus or minims 0*03 per cent and suff ic ient dust was f i l t e r e d out of 
the cleaned a i r to permit deteraiination of the p a r t i c l e size d is t r ibut ion* 
Eff iciency.—The efficiency shown i n column 6 of Table 5 represents the 
percentage dust in the i n l e t a i r that was separated by the louver blade 
and is given by the expression 
fcff. s 100.00 - i x 100 
°2 
'where c> - l b , dust / lb, . a i r , in the i n i t i a l a i r 
o a l b . dus t / lbs* a i r , in the cleaned a i r* 
Effect of Air Velocit ies .-—Since i t had been concluded from the preliminary 
studies tha t the i n i t i a l ve loc i ty of the dust laden a i r had very l i t t l e 
affect on the mechanism of separation no del ibera te attempt was made to 
vary th i s veloci ty* Howevers the increased res i s tance of the blow down 
bag during the t e s t of each blade made i t necessary to vary e i t h e r the i n -
l e t veloci ty s l i g h t l y or t o change the ra te of flow through the louver 
blade assembly and increase the pressure i n the apparatus * I t was decided 
t-o l e t the I n l e t veloci ty vary and keep the ra te of flow through the lou-
ver blade assembly constant for each t e s t * 
From the equations discussed i n Chapter I I I i t i s seen that as the 
r a t i o of the veloci ty between the blades to the veloci ty down the louver 
face Increases the eff iciency of the louver blade w i l l decrease* Thus for 
these t e s t s the veloci ty down the louver face decreases with each succes-
sive run while the velocity between the blades is constant and a decrease 
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and i n Figures 18, 19 and 20 t h i s expected decrease in efficiency did 
occur* 
Effect of Dust Concentration«—Even though i t had been ant icipated tha t 
the effect of the i n i t i a l concentration of dust had l i t t l e effect on the 
mechanism of separation the dust concentrations were changed for each run 
to approximate what might ex i s t ab five in te rva ls down the face of a ser ies 
of louver blades• For most of the t e s t s th is concentration was increased 
for each successive run. In the t e s t of blade assembly #8 with Micro-
ballons t h i s was reversed and the concentration was decreased for each 
successive run. As can be seen from Figure 20 this had l i t t l e effect com-
pared to the effect of ve loc i ty r a t i o and the o r ig ina l conclusion i s be-
lieved va l id• 
Effect of Dust Pa r t i c l e Density.—Norton Company*s Alundum 2l|0 g r i t abra-
sive with a density of approximately 258 pounds per cubic foot and Bake-
l i t e Company's Microballons with a densi ty of approximately 9 pounds per 
cubic foot were used i n these t e s t s , 
The formulae discussed i n Chapter H I predic t tha t the efficiency 
of separation w i l l be decreased by a decrease In the densi ty of the dust 
pa r t i c les» This effect for the three blade assemblies tes ted with both 
Alundum and Microballons dust can be seen i n Figures 18, 19 and 20. The 
t e s t s showed tha t not only i s the eff iciency grea t ly reduced with the low 
density pa r t i c l e s but a l so t i n t the effect of the velocity r a t i o is much 
more pronounced u 
The mean pa r t i c l e size of the Alundum dust i s 71 microns and of 
the Microballons i s 6U microns and i n general the Microballons are spher-
i c a l whereas the Alundum p a r t i c l e s are angular* These var ia t ions I n mean 
s i z e and i n shape w i l l have some e f f e c t on the mechanism of s e p a r a t i o n 
but i t i s b e l i e v e d t o be small compared t o the d e n s i t y e f fec t , , 
E f fec t of .Louver Blade Shape.--The shape and p r o p o r t i o n of t h e louver 
b lades e f f ec t ed the r e s -a l t s obta ined i n two ways ; i n the e f f i c i e n c y of 
the louver b lade i n s e p a r a t i n g t h e dus t p a r t i c l e s from the a i r and i n 
the p r e s s u r e drop ac ross the louver b l ade opening* 
A comparison of the r e s u l t s of r u n s , 6 t h r u 10 w i th b lade assembly 
§2f 16 t h r u 20 wi th b lade assembly iPn and 36 t h r u 1|0 wi th b lade assembly 
$8,, show t h a t t h e b l ade shape r e q u i r i n g t h e l e a s t p r e s s u r e drop for t he 
same flow r a t e i s a l so the most e f f i c i e n t i n s e p a r a t i n g dus t p a r t i c l e s 
from the a i r * For a l l of these runs the f r o n t a l a r e a be fo re the louver 
opening, t he a rea of the opening between the b lades and the r a t e of flow 
through the opening were t he same. The same e f f e c t i s a l s o observed by 
comparing runs k6 t h r u $0 and $1 t h r u 55 where M c r o b a l l o n s were used« 
The e f f e c t of varying t he wid th of the opening between the louver 
b lades can be seen by comparing runs 11 t h r u l 5 5 26 t h r u 30 and 31 t h r u 
35« The b l ade assembl ies ware t h e same except f o r t h e openings which were 
0«2f>9 Q.«I2 and 0#37 inches r e s p e c t i v e l y a The tendency here i s t he same 
as thao desc r ibed above wi th the e f f i c i e n c y of the louver b l ade be ing 
h i g h e s t for t he louver b lade t h a t has the lowes t p r e s su re drop f o r the 
same v e l o c i t y of flow through the opening. I t should be noted t h a t t h e r e 
was an angle of 15 degrees between the t r a i l i n g edge of one b l ade and the 
l ead ing edge of the next for a l l of t h e s e b l a d e s * 
The e f f ec t of changing the l e n g t h of the s t r a i g h t s e c t i o n of the 
blade before the l i p can. be seen by comparing r u n s , i t h r u 5 w i t h b lade 
assembly # 1 , 11 t h r u 1$ w i t h b l ade assembly #3 and 21 t h r u 2$ with bla.de 
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assembly #£• In each of these blade assemblies a l l dimensions were the 
same except the length of the s t r a igh t section before the l ip* Here again 
the tendency i s for the efficiency to be highest for the louver blade that 
causes the lowest pressure drop across the opening for the same flow rate* 
I t was expected that a blade shape approximating the convergent sec-
t ion of a nozzle,, blade assembly #8„ would cause much less turbulence in 
the a i r stream down the louver face and would probably cause less pressure 
drop across the louver opening for the same flow r a t e , A comparison of 
runs 16 thru 20 to runs 36 thru I4.Q and of runs U6 thru 5>0 to runs 51 thru 
55 show that there was considerably less pressure drop across the opening 
in blade assembly #8 than i n the other blade with a l i p formed a t a l\$ 
degree angle. The trend to higher ef f ic iencies with the lower pressure 
drop i s a l so noted. Photographs were made of the pa r t i c l e paths formed 
by the l i p of blade assembly #)i? Figure 21 s and by blade assembly #8 , 
Figure 22, and a -comparison of the eenier l ines of these paths show tha t 
the curved cross section of blade assembly #8 permits the dust pa r t i c l e s 
to be picked up by the drag of ths dust laden a i r more quickly than does 
the angular l i p of blade assembly #lu This probably Indicates tha t there 
i s less loss caused by eddy currents with the curved b lade . 
Bade Wall Ef fec j . — Runs $6 thru 68 were made to determine what effect the 
distance from the louver b3.ade t-c the back wall would have on the e f f i -
ciency of separation,, Three d i f fe ren t blades were 'Jsed In these runs and 
the distance from the louver blade bo the back wall was varied from 1.2f> 
inches to $£$ Inches* The r a t i o of t h i s distance to the louver blade 
opening varied from 3•26/1 to 9«?6/l9 
As 5t r e su l t of these t e s t s no appreciable difference i n the e f f i -
cieney of the louver blade was noted for the various back wal l locations* 
During these runs i t was not possible to maintain the sane veloci ty 
down the louver face for each r a n . As a result of th is veloci ty change 
the pressure drop across the louver blade opening changed from run to run 
even though the flow ra te through the opening was the same, 
Par t i c le Size Pistributton,-~-Samples of dust from the cleaned a i r were ob-
tainable only from the runs where Microballons were used. A pa r t i c l e s ize 
d i s t r ibu t ion of the samples was made by the Microscopy Laboratory of the 
Engineering Experiment Sta t ion of the Georgia In s t i t u t e of Technology and 
the resu l t s are shown graphical ly i n Figures 85 10 and 12. Microphoto-
graphs used to make the pa r t i c l e count are shown i n Figures 7* 9 and 1 1 . 
The i n i t i a l mean p a r t i c l e s ize of the Microballons was 6k microns* 
In the cleaned, a i r of run £0 the mean diameter of the pa r t i c l e s that e s -
caped separation was hi microns and 79 per cent of the pa r t i c l e s were small-
er than 6k microns. In the cleaned a i r of run ^5 the mean diameter of the 
pa r t i c l e s that escaped separation -was k3 microns and 9k per cent were less 
than 6u microns« 
A pa r t i c l e s i ze d i s t r ibu t ion graph and a microphotograph of the 
AlandUT;. dust used for the t e s t s i s shown i n Figures 6 and 5 respect ive ly , 
CHAPTER V1TI 
CONCLUSIONS AND RECOMMENDATIONS 
Conclusions ,-~The most impor tant conc lus ion t h a t can be drawn from t h i s 
inves t iga t ion i s tha t the louver blade design that w i l l operate with the 
lowest pressure drop across the opening between the louver blades w i l l 
be the most e f f i c i en t in separating dust p a r t i c l e s from the dust laden 
air^ provided, a l l other factors tha t effect the mechanism of separation 
remain the same. Fortunately t h i s re la t ionsh ip w i l l be most desirable 
in any p r a c t i c a l dust f i l t e r since the lower pressure drop w i l l require 
less power to effect the separa t ion . The louver blade tha t w i l l provide 
the lowest pressure drop w i l l probably have a prof i le approximating tha t 
of a convergent nozzle or that of blade assembly number 8 used i n th i s 
inves t iga t ion , 
I t was found that the mass density of the dust pa r t i c l e s had a 
pronounced effect on the eff ic iency of separa t ion . Approximately twenty 
times the weight of the l i g h t pa r t i c l e s t e s t ed , 9 pounds per cubic foo t , 
escaped separation as did the heavy pa r t i c l e s t e s ted , 2^8 pounds per cu-
bic foot . The ef fec t of a change in the. r a t i o of the veloci ty of the a i r 
throiagh the louver opening to the veloci ty down the louver face was also 
more pronounced in the l i g h t p a r t i c l e s , Although not proven experimentally 
the formulae of Chapter I I I indica te the re la t ionship between p a r t i c l e 
density and efficiency of separation w i l l be l inear* 
Although the effects of p a r t i c l e s ize on the efficiency of separa-
tion could be observed for the Lew density p a r t i c l e s only i t was found 
li 
that the pa r t i c l e size did effect separation,, For the low densi ty dust 
i t was found tha t pa r t i c l e s of a l l s izes could be removed but that almost 
complete removal of pa r t i c l e s over 30 microns i n diameter was obtained 
with blade assembly number 8a 
For the range of back wall to louver blade conditions inves t iga t -
ed i t was found tha t the distance from the back wall to the louver blade 
had no effect on the efficiency of s e p a r a t i o n Although i t -was impos-
s ib le to reduce the back wal l to louver blade distance to a 1 to 1 r a t i o 
i t i s believed tha t i n a p r a c t i c a l dust separator the back wal l effect 
can be safely neglected„ 
The eff ic iencies of a l l the blades i n separating the high densi ty 
Alund'ara dust may appear to be extremely high i n comparison with a i r f i l -
ter ing methods commonly employed but th i s i s the eff iciency of one blade 
only and not the overal l efficiency of a louver dust separator* As shown 
in Appendix E a louver blade with an efficiency of 99 per cent w i l l give 
an overal l eff iciency of 91»8? per cent i f 10 per cent blowdown i s allow-
ed and i f less blowdown i s allowed the overal l efficiency wi l l be lower 
than th i s* However,, if the eff iciency of the individual blade can be 
made greater than 99 per cent then a high overal l eff iciency with low 
blowdoro and very l i t t l e pressure l e s s through the separator can be 
a t ta ined » 
Reojommerd.atl.ons»—The reecmraerdations for further inves t igat ions of the 
louver type dust separator are based on the conclusion t h a t the blade 
shape tha t w i l l cause the lowest pressure drop across the louver opening 
wi l l be the most ef f ic ient in removing dust p a r t i c l e s from the a i r« I t 
La f e l t tha t by continued experimentation with the individual louver 
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blade shapes and proportions that a practical, blade that gives maximum 
performance could be developed. Certain elements cf the blade design, 
such as the effect of the angle from the t r a i l i n g edge of one blade to 
the leading edge of the next., have net been invest igated and should be 
considered, 
I f an apparatus similar to tha t used i n th is inves t iga t ion were 
employed a more su i tab le means of determining the amount of dust in the 
cleaned a i r should be devised„ A change in the blowdown bag tha t would 
permit continuous in jec t ion of dust -without increasing the blowdown r e -
s is tance would perTait longer runs and thus reduce the percentage e r ro r in 
weighing the cleaned a i r f i l t e r bags* A very accurate method of sampling 
and weighing the dust i n the cleaned a i r would also accomplish t h i s , 
Once a blade shape has been selected i t i s believed t ha t the con-
s t ruc t ion of a f u l l scale a i r f i l t e r would permit the incorporation and 
study of the various conclusions tha t have been formed concerning the 
mechanism of separa t ion. The f i l t e r should be conical i n sect ion with 
each l o w e r blade formed i n t o a c i r c l e , or for ease of construction a 
hexagon* The design should be su-;h that the ve loc i ty of the dust laden 
a i r down the louver face i s constant from i n l e t to blowdown„ The average 
veloci ty through each of the l o w e r openings should be the same and the 
r a t i o of the veloci ty of the a i r through the louver openings to the veloc-
i t y of the a i r down the l o w e r face should be approximately 1 to 1, The 
blowdowri should not be less than 6 per cent of the i n l e t a i r„ 
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APPENDIX A 
LIST OF SXMBOIS 
. • : 
UST OF SYMBOL-
Cross s e c t i o n a l a rea of dust l aden a i r passage a t louver blade 
Throat a rea of dus t i n j e c t o r nozzle 
Coe f f i c i en t of discharge> i n l e t a i r o r i f i c e 
C o e f f i c i e n t of d i s c h a r g e , d u s t i n j e c t o r nozzle 
Ai r « dus t c o n c e n t r a t i o n before louver blade 
Air •" dus t c o n c e n t r a t i o n of c leaned a i r 
Diameter of dus t p a r t i c l e 
I n l e t a i r p ipe d iameter 
I n l e t a i r o r i f i c e d iameter 
Diameter of d u s t i n j e c t o r nozzle t h r o a t 
Rate of d u s t flow be fo re l o w e r b lade 
Rate of d u s t flow i n c leaned a i r 
D i f f e r e n t i a l p r e s s u r e «> i n l e t a i r o r i f i c e 
Upstream, s t a t i c p r e s s u r e , i n l e t a i r o r i f i c e 
D i f f e r e n t i a l pressure_, ac ros s l o w e r b l ade 
S t a t i c p r e s s u r e , i n l e t a i r s i de of louver b lade 
Upstream s t a t i c pressure , , c leaned a i r r o t ame te r 
Flew c o e f f i c i e n t , i n l e t a i r o r i f i c e 
Rotameter p r e s su re c o r r e c t i o n f a c t o r 
Rotameter temperature c o r r e c t i o n f a c t o r 
Rotameter c a.'ij.b r a t i o n p r e s s u r e 
Upstream a i r p r e s s u r e , dus t i n j e c t o r nozzle 
Gas cons tan t fee0 a i r 
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R Cleaned a i r ro tamete r r e ad i ng , uncor rec ted o 
S ? Dis tance from louver blade to back w a l l 
Tn Upstream temper a t tare, i n l e t a i r o r i f i c e 
Tp Air t empera tu re , i n l e t a i r s i de of louver b lade 
T Rotameter c a l i b r a t i o n temperature c 
T Upstream a i r temper a t ure,, d u s t i n j e c t o r nozz le 
T Upstream a i r tempera ture^ c leaned a i r ro tameter 
Yi Average v e l o c i t y ^ dus t l aden a i r a t louver b lade 
W Air v e l o c i t y p a r a l l e l t o i n l e t a i r flow 
V Air v e l o c i t y normal t o i n l e t a i r flow 
j 
V Dust p a r t i c l e v e l o c i t y noimal t o i n l e t a i r flew yo 
UL Mass of a i r flow,, i n l e t a i r o r i f i c e 
Mass of a i r f low, dus t laden a i r a t louver b lade 
"W.j Mass of a i r f low, c leaned a i r r o t ame te r 
,j 
I . Mass of a i r flow,, dus t i n j e c t o r nozzle 
X Coordinate p a r a l l e l to i n l e t a i r f low, o r i g i n a t b lade t i p 
y Coordinate normal t o i n l e t a i r f low, o r i g i n a t b l ade t i p 
,3 B j / b j 
1 Upstream a i r dens i ty^ i n l e t a i r o r i f i c e 
r \ Upstream a i r dens i ty^ ro tamete r 
•f Dens i t y of a i r a 
















Blade Assembly #1 
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Blade Assembly #2 
FIGURE 1 













Blade Assembly #3 
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Blade Assembly #h 










/ | T 
w? 
Blade Assembly #5 
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Blade Assembly #6 
FIGURE 2 

















Blade Assembly #7 
FIGURE 3 
LOUVER BLADE PROFILES 
Assembly #8 
FIGURE 4 
PHOTOGRAPH OF LOUVER BLADE TEST ASSEMBLIES c-i a. 
FIGURE 5 
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FIGURE 8 
PARTICLE DISTRIBUTION OF MICROBALLONS AS INJECTED 
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FIGURE 10 
PARTICLE DISTRUBITION OF MICROBALLONS IN CLEANED AIR 
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FIGURE 11 












PARTICLE DISTRIBUTION OF MICROBALLONS IN GLEANED AIR 
RUN NUMBER 55 
1- Inlet valve lie 'Straightening vane 7« Cleaned air filter 10. Test blade ass'y 
2 o 15 HP motor £<> Inlet orifice 8D Rotameter 11 • Blow=down bag 
3 c Pressure fan 69 Dust feeder 9o Movable wall 12 c Control valve 
FIGURE 13 
SKETCH OF TEST APPARATUS 
£ 
FIGURE 14 
PHOTOGRAPH OF TEST APPARATUS 
FIGURE 15 


























1«30 1 .35 loiiO 
RATIO OF VELOCITY THROUGH LOUVER OPENING TO VELOCITY DOWN LOUVER FACE 
FIGURE 18 
EFFECT OF VELOCITY RATIO ON LOUVER BLADE EFFICIENCY 
LOUVER BLADE ASSEMBLY NUMBER 1 
50 
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RATIO OF VELOCITY THROUGH LOUVER OPENING TO VELOCITY DOWN LOUVER 
FACE 
FIGURE 
EFFECT OF VELOCITY RATIO ON LOUVER BLADE EFFICIENCY 
LOUVER BLADE ASSEMBLY NUMBER 2 
51 
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RATIO OF VELOCITY THROUGH LOUVER OPENING TO VELOCITY DOWN 
LOUVER FACE 
FIGURE 20 
EFFECT OF VELOCITY RATIO ON LOUVER BLADE EFFICIENCY 
LOUVER BLADE ASSEKBLY NUMBER 8 
FIGURE 21 
PHOTOGRAPH OF DUST PARTICLE PATHS - LOUVER BLADE ASSEMBLY #4 
FIGURE 22 
PHOTOGRAPH OF DUST PARTICLE PATHS - LOUVER BLADE ASSEMBLY #8 
Particle paths, 
louver blade #k 
Particle paths 9 
louver blade #8 
FIGURE 23 
COMPARISON OF PARTICLE PATHS FOR 
LOUVER BLADES #U AND #8 
$ 10 l£ 20 2% 
GAGE PRESSURE (in. H20) 
For barometric pressure of 28„°0 in„ Hgo A 0,1 inch 
change in barometric pressure s 1„36 in0 H2O change in 
gage pressureo 
FIGURE 2k 
AIR DENSITY CHART 
1„0 
•flhi (lbo/cuoft0) (in, H20) 
FIGURE 2£ 




Table ! • Air Flew Data 
Run hj* h hg kg2 k g E o
 R
0
 T j T;: TR.... 
(in.ELO) (in.HnO) (in.IUO) (in.JLO) ( i a A O ) (cfm) (F) (F) (F) 
c. £. £ d. £• 
Blade Assembly # 1 , Alrmdimi 2^0 Gr i t Dus t , Barometer 28,96 i n „ Hg 
1 l i t . 7 19.5 2 .8 9.0 3.9 3k .8 121 112 100 
2 lli.O 19*7 2 .8 9.U iu7 3U.8 121; 115 103 
3 13-7 19.9 2 .8 10.0 5*3 3l;«8 125 115 101; 
h 13*? 20.2 2 .8 10 .5 5.7 3W 12.5 115 lOil 
5 13.0 20oU 2 .8 10.8 6 a 3ii„8 125 115 10li 
Blade Assembly # 2 , Alundum 2I4O G r i t Dus t , Barometer 28,86 i n . Hg, 
6 13*1 18.3 1.7 9*$ 5.7 \66 12 a 115 106 
7 12,3 18.6 1.7 iO.ii 5.8 hS6 125 115 106 
8 12 el 19.3 1.7 10.9 6.2 \££ 125 116 10? 
9 11.7 20 .1 1*7 1 1 . h 696 166 125 116 10? 
10 J . J _ <&^ 20.3 1.7 I I06 7oO \66 125 116 107 
Blade Assembly # 3 , Alundum 2lr0 G r i t Dust* Barometer 28.99 i n . Hg, 
11 1.5 0 2 19ol . •». ' T (2 0, . 8.9 ^ « . 5 3U.8 120 110 98 
12 l i i .2 1 Q Q 0 T - « J - 9 .it 5 06 3U.8 122 112 100 
13 33.1* 2 0 . 1 2 . 1 10.2 6.3 3U.8 123 1.12 102 
Hi 13'.1 20 .5 c. mi- 10 .8 6 .9 31**8 123 11.3 102 
IS 12 .6 20.7 2 a 11.2 To3 3U.8 123 113 103 
Blade Assembly #li_9 AXxmdws 21;. 0 Grit "Ovist* Barometer 28.8I4 i n . 
16 12.5 20 .0 !•*• • ̂  x O . £ 6.0 U5.5 116 108 96 
17 11.8 20.3 1.5 X.i- 0 7 7.0 H$£ 121 111 100 
18 11.2 20.6 1.5 • I I • " , JUc. eji 7.6 \£6 122 113 102 
19 11 .1 20 .8 1.5 12 .6 8*1 16 £ 123 l l l i 103 
20 10.9 C J- 0 -̂' 1.5 12.9 8.h 16S 123 115 L03 
Blade Assembly #5 S Alundum 2/.1O Grit. Dus t , Barometer 28.82 i n . Ĥ  
21 13«7 22.2 1*9 12.0 8.5 
22 13.2 22 .5 1*9 13.0 9,1 
23 13 .0 22.7 1.9 !3o2 9.5 
2u 12.1; 22.9 1.9 13 .8 10 .1 
25 11.9 23 .3 1.9 l i i . 5 10.8 
32 .6 132 121 111 
32.6 133 122 112 
32 .6 133 123 113 
32 .6 131* 123 i l a 
32 .6 13 h 123 ill,. 
(Continued) 
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Table 1* Air Flow Data (Continued) 
Run h "" h , h n h „ h . - R^ I -
1 s i 2 s2 SRG O 1 
( i n . H O ) ( in .H 0) ( i n J ^ O ) (iruH^O) ( in .H g 0) (cfm) (F) 
(F. (F) 
Blade Assembly #6,, Alundum 2I4O Gr i t Dust,, Barometer 2 0*78 i n * Hg 
26 i ? c; 23-5 c «24 13-5 10,5 17 .1 127 1.10 97 
27 13 oO 23.9 2 . 4 11*. 2 11 *4 17 .1 130 112 100 
28 12.4 2U.2 2 0)4 15*0 12.0 I 7 . I 131 113 102 
29 12.2 2li.3 2 . 4 15 »2 12 .h 17*1 132 113 103 
.30 11.9 2l| .6 g ), 16 ,0 1 2 . 9 1? ,1 132 I I 4 IO.J4 
B l a d e Assembly- #?_, AXvm.dwn. 21$ G r i t D\Bfes B a r o m e t e r 2 8 . 8 2 i n . Hg, 
31 lii.9 21.U 1.4 10 ,5 6.2 4 1 . 2 130 121 110 
32 l l u l 22 .0 loii 
•J . , ( J 
.Li « P 7.3 m.2 131 121 111 
33 13 0 7 22.2 1.4 1 2 . 0 7.9 4 1 . 2 132 122 112 
3h T O O -I, j » C 22 ,5 1*4 12 .8 8.0 Ul„2 132 122 112 
J, 12.8 0 0 7 £.6. C f U 4 13.0 3.7 i a . 2 132 122 113 
Blade Assembly #8 5 Al-andum 2)40 G r i t D t s t 5 Barometer 2 8 .84 i n . Hg, 
36 l i t .2 22.6 1.1 12 .1 7,6 hS6 120 112 100 
37 13.5 23.0 1.1 13 .1 8.6 )66 122 113 103 
38 13 .h 23.3 U 13 .5 9<>2 45o5 123 ii.4 103 
39 12 .8 23-5' i . x l u . o 9.5 166 123 115 IO4 
Uo 12.4 23.7 1.1 IkS J»Vy ft -1- \66 123 115 10< 















Blade Assembly #29 Microb&ilcns Dusl 
1̂6 i iu5 21.3 
6 11 7 
X J * j 
21.8 
m 12 „ ? 22 . 4 16 1 ' • 0 i t * 1., 2 0 f? 
50 ,i— » U 23.2 L B / 
UU.o 9.h 32.6 120 111 99 
111. 9 10.2 32 .6 120 111 100 
15.8 11.3 32.6 124 112 103 
16.6 .12 .2 32.6 126 115 105 
17.6 12*8 32.6 128 117 107 
t , B; stronie'tsr 28.84 in* Hg, 
j . . . 0 i . 5.6 45*5 120 112 ] 00 
11 7 7.0 Ii5-5 -j p«3 n$ 104 
• 1 J \ 
.-••:', a? R "• 
. u J-
u5 #5 124 115 106 
' • •'"•> * 1 2-}5<»5> 1;;'4 116 ] 0̂ J 
1 f £ 
->.i+<S ... 9.8 U5.5 12U 11'* litf 
Table Air Flaw Dat a (Centinued.) 
Run b»l "2 Ro 
R I 
A 
(iruSLG) (in.&>G) (in.BLO) ( i n J L O ) (inJBLO) (cfm) (F) (F) ( F ) 
:lade Assembly # 8 , Microbal lons D ^ % 3arc :ns t - r 28*91 i n , Hg« 
51 lll.O 21«£ 1.1 i o , d , o'- U^,5 j 3 9 131 100 
52 13.8 22.3' 1.1 13.0 8.6 ad •;; 3.21 H 3 102 
<3 12.2 £ , £ a .y I ,1 3ii.O 9*6 3#.5 121* 115 10ii 
5a -r- « * i 1*1 16.*4 X,'-.«.-'.' h5 »5 1 > £ 11? 106 
a? 10 . j - > • - ' ; . . W ** . - . 16.8 •9 fj S J. •„ o ; 4.3 «5 126 i i ? 106 
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Blade Assembly #!u Alundttm 2li0 G r i t Dust , Barometei 28.92 i n . Hg0 
6; Hi .5 220 i 
62 12.7 20 08 
63 10,2 18.9 
6k 7*9 17,5 
3lade As sembly #8 
6$ Hi. 8 22 n9 
66 21.8 
' •"7 
• - ' -- «.JJ 19.9 
68 •3 o 18.0 
l . q 





1.0 12 . j 
1 1 
n ft 




u5 cS 122 113 200 
kSS 120 112 102 
\&J$ 122 112 102 
u3»5 123 113 103 
D'ast. Barcoietf >.92 i n . ft 
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Table 2. Area of Test Housing at Louver Blade 
Run S Ap 
(in.) (sq. in.) 
1 thru 5 5.37 32.22 
6 thru 10 5.13 30*78 
11 thru 15 5,37 32,22 
16 thru 20 U.68 26.08 
21 thru 25 2 o O 31.50 
26 thru 30 c" oc? 31.50 
31 thru 35 5.25 3lo5u 
36 thru Uo lu82 28.86 
[|.l thru kS 5.3? 32.22 
k& thru 50 5*13 30.78 
51 thru 55 U.81 28,86 
56 5.25 3io50 
57 ii.25 25»5o 
58 3.25 19.50 
59 2.25 13.50 
60 1.25 7-50 
61 ho63 27.78 
62 3,63 21.78 
63 2.63 15*78 
6U I .63 9.78 
6$ km 88 29.28 
66 3,88 23.28 
67 2,88 17.28 
63 1.88 1 1 tfitj 
62 
Table 3* Dwfc Flew Data 
Length of Bust in Diist in 
Run Run In l e t Air Cleaned Air 
(sec . ) (grams) (grama) 
Blade Assembly # 1 , Alandum 2/4.0 Grit Dust 
1 k06 300 0.065 
2 1,63 300 0.07? 
3 18? 300 0o0;?2 
h Bk 3^3 0.092 
£ 29 300 0..110 
Blade Assembly #2, Alomdttm 21*0 Grit Bust 
6 308 300 O.O76 
7 212 300 0.078 
8 101 300 0.090 
9 % 300 0.098 
10 29 300 o a i t 
Blade Assembly ?f3.? Alundum 2^0 Grit Dust 
11 278 300 0.063 
12 188 300 0.07U 
13 108 ?00 O.076 
I.I4. U8 .300 0 t f0?6 
15 30 300 0.092 
Blade Assembly #U5 Alupdum 2U0 Grit Dust 
16 2h9 30G 0.023 
17 16? 300 0.026 
1.8 125 300 0.033 
19 U- 300 0.032 
^0 25 300 0.033 
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(Contiii'O i / 
Table 3 . Dust Flew Data (Continued) 
Run 
Length of Dust in Dust in 
Run In l e t Air Cleaned Air 
( s e c j (grams) (grams) 
Blade Assembly #Q3 Mrcrobal lons Dust 
51 85 300 0, 
52 1U3 300 0.950 
$3 195 300 1.019 
5U to8 300 ijtf? 
^ 303 300 1.720 
Blade Assembly #3S Alundum 2l|0 Grit Dust 
% 6? 600 0.089 
57 56 I4-8O 0.0514 
58 kl 360 0,070 
59 k0 250 0„0j48 
60 20 125 0.032 
Blade Assembly #k3 Alundum 2l;0 Grit Dust 
61 65 570 0.080 
62 5? U50 O.0I48 
63 h.9 350 0.038 
6)4 38 220 0,028 
Blade Assembly # 8 5 Alundum 2hp Grit Dust 
65 6k 600 0.117 
66 $3 U80 0.081 
67 i l l 370 0.01;2 
68 33 250 Qo0k9 






B l a d e Assembly # 5 , Alundum 21*0 C M t D u s t 
Run W-j* f. W W3 Vg 
( l b , / s e c . ) (lb . / s e c . ) ( l b , / s e e . ) ('lb . / s e c . ) (ft . / s e c ) 
Blade Assembly #1 5 Alundum 2U0 Grit- Dust 
0.0331 0.63J 0,0382 39.9 
0.0331 0.598 0,0379 39.1 
0.0331 0.592 0.0379 38.7 
0.0331 0.582 0.0379 38.0 
0.0331 0.^78 0.0379 37-7 
Blade Assembly #25 Alundum 21+0 Gri
:, Dust 
6 G£h$ 0.0331 0,578 0.1*91 39.6 
V 0.53S 0.0331 0.571 QA91 39 .0 
8 0.52U 0.0331 0.557 0.ii92 38 .0 
9 0.516 0.0331 0£k9 OMk 3 7 , 5 
10 0 . 5 H 0.0331 0.514 0.1*82* 37 .2 
Blade Assembly #3? Alundum 2l*0 G r i t Dust 
11 0.589 0.0331 0,622 0.0385 U0.U 
12 0.570 0.0331 0.603 0.0383 39,2 
13 o.SSU 0.0331 0.58? O.O383 38.2 
Hi o.5h8 0.0331 0 .581 O.0383 37 08 
15 0.537 0.0331 0.570 0,0382 37 .0 
Blade Ass embly #u9 Alundum 2li0 G r i t Dust 
16 0,537 0.0331 0.570 0.0509 1*2.2 
2 ? 0.520 0 .03)1 0.<b3 0.0502 1*1.0 
18 0.507 0.0331 o.5uO 0.0500 1*0.1 
19 0.3024 0.0331 o,537 0.0^99 J40.0 
20 0.1,99 0.0331 0.532 0.0500 39.6 
21 0.558 0.0331 0.591 O.Q35u 39.7 
22 0.51*9 0.0331 0.585 Q0O353 3.9.1 
23 o.5u5 O.O33I 0,578 0.0351* 38 .9 
s.l+ 0.533 0.0331 0.566 0.035k 3 8 . 1 
25 0.522 0.0331 0.555 0.0331 37.2 






Run if * Wn° W , ; H I , V , 
( l b . / s e e . ) ( l b , / s e e . ) ( I b . / s e c . ) ( lb . / sec J ( f t . / s e c . ) 
Blade Assembly #6_, Alundum 2U0 Grdt DiBt 
26 0.555 0.0331 0.588 09019U 38,6 
27 0„5i|2 0.0331 0.575 0.0192 37.8 
28 O&p. 0,0331 0.565 0,0191 37.2 
29 0*527 0.0331 0.560 0.013? 36.8 
30 0.520 0.0331 0.553 0,0189 36„>4 
Blade Assembly #75 Alundum 2lt0 Grl
f Dust 
31 0.580 0.033:1 0.613 0,010*3 1*1.U 
31 0.565 0.0331 0.598 o.oi^us' liP.3 
33 0.556 0.0331 0.591 0 . 0 ^ 6 39-8 
JU 0.51*8 0.0331 0,581 0oDhh6 39.1 
35 0,51*0 0«033^ 0,575 090kh6 38 .5 
Blade Assembly #8, Alundum 2l*0 Qrlt Dust 
36 0.572 0*0331 0,605 0.0503 U3a6 
37 0.558 0.0331 o„59i 0.0502 1|2.7 
38 0.55.5 0.0531 0.588 0^0-,': I12.5 
39 o.5U3 0.0331 0.576 0.0502 la. 06 
Uo o.53l* 0.0^31 0.56"' 0.0502 U1.0 
Blade Assembly # 1 , Microballcns Dus 
kl 0.563 0.0331 0.596 0.0357 38.3 
bZ 0.51i8 0,0331 0.58 . 0,0.358 37*3 
1*3 0.552 O.O33I 0.565 0.0356 36.2 
hh 0,521 0.0331 0.551* 0.0356 35.7 
i*5 0.503 0.0331 0.536 0.0353' 31 .5 






























Table In Air Flow Results (Continued) 
Run 
w l * 
( l b . / s e c , 
¥ i ¥ 2 
,) ( l b . / s e c . ) ( l b . / s e c . ) 
w3 
( l b . / s e c . ) 
v 2 
( f t . / s e c . ) 




























































































9 1 . h 
*See Appendix A for meaning of symbols, 
Table 5 . Dust Concent ra t ion 
Run G 2* 
( l b . / s e c . ) 
°3 , 
( l b . / s e c . ) 
c 2 
( lb . / l b . ) 
C3 
( l b . / l b . ) 
Effe 
{%) 





























































































































































Table 5 . Dust Concent ra t ion (Continued) 
Run G2 Go c 2 c 3 Ef f . 
( l b . / s e c . ) ( Ibo ' / sec . ) ( lb . / l b . ) ( lb . / l b . ) CO 
Blade Assembly #6 9 Alundum 21*0 Gr i t Dust 
26 0,002839 0.000000911611 0.001*828 0.00001*876 98.99 
27 0.003758 0.000001265 0.006536 0.00006$88 98.99 
28 0.00*088 0.000001866 0.009005 0.00009769 98.91 
29 0..01538 0.000006000 0.027146 0.0003175 98.81* 
30 0.01788 0.000007092 0.03233 0.0003752 98.8U 
Blade Assembly #7 5 Alundiaa 21*0 G r i t Dust 
33 0.00313^ 0.0000007819 0.0051114 0.00001765 99*6$ 
32 0„002l*32 0.00000058)45 0.001*066 0.00001312 99.6$ 
:ij 0.0261*1* 0.000009360 O.OUtfU 0.0002099 99 .S3 
3k 0.001,9?4 0.00000151a 0.008561 0.000031*55 99*59 
35 0.006069 0.000001899 0.01059 0.00001*257 99.60 
Blade Assembly # 8 5 Alundum 21*0 Gr i t Dust 
36 0.002625 0.0000001313 O.OOU339 0.000002610 99.9k 
M* . 0.003685 0.00000003687 0.006235 0.0000007314* 99.99 
38 0.005851+ 0.0000000191*6 0.009956 0.0000003876 99.99 
39 0.01378 0.0000001*583 0.02392 0.000009129 99.96 
1*0 0.026U6 0.0000011*12 0.01*667 0.00002813 99.9k 
Blade Assembly # 1 , Microbal lons Dust 
<a 0.002011 0.000007U65 0*003372 0.0002091 93.80 
t& 0.002911* 0.00001597 0.005009 0.0001*1*61 91.09 
U3 o„ooi4a.o 0.0000301*7 0.007805 0.0008560 89.03 
hk 0.001*725 0.00003818 0.008529 0.001072 87.14* 
' r- o.Goi^ao 0.00003550 0.008228 0.001000 87.85 
Blade Assembly #2., Microballosas Dust 
hi 0.001*10.0 0.00001201 0.007229 0.0002392 96.70 
li 1 0.002863 0.000009698 0.001*801* 0.000191*7 9$.9k 
ub 0„00i,936 c.00002059 0.008611* 0.0001*11*2 95.20 
h9 0o00??6£ 0.00001*013 O.OI38" 0.0008091 9U.17 
y '••> 0.0081*80 0.00001*681 0.01531 0.0009381 93.87 
(Continued) 
Table 5 . Dust Concentration (Continued) 
Run G 2* G3 c 2 c 3 Eff . 
( l b . / s e c . ) ( l b . / s e c . ) ( l b . / l b . ) ( l b . / l b . ) « ) 
















































































































See Appendix A fo r meaning of symbols • 
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DETERMINATION OF AIR FLOf RESULTS 
7.3 
Determination of I n l e t Air Flow»—The or i f ice meter used to measure the 
i n l e t a i r was constructed by the Foxboro Company in accordance with the 
specifications for th in p la te or i f ices given i n the A.S«M»E» Research 
Committee Report on Fluid Meters 0 (7) Standard flange pressure taps 
were used with the taps being located one inch upstream and one inch 
downstream from the or i f ice p l a t e . 
The flow equation for the th in p l a t e or i f ice i s 
% „ 0 . 0 9 9 7 , — ~ D 2
2 y -p x h s l 
fi-ft 
w'ti&yst 
W-, s mass flow ra te — lb */sec . 
C - coeff ic ient of discharge 
IL s or i f ice diameter —• i n , 
D^ s pipe diameter — in* 
f\ s upstream a i r density — lb«,/cu„ft, 
3bLn s or i f ice pressure d i f f e r en t i a l — i n , H_0 
h.L d 




based 0:-:. the pipe size and the Reynolds number* I t was estimated t h a t the 
rmsB flo*? ra te would be between 0*k lb • /sec* and 0,6 lb*/sec* and the r e -
5•iitlSi.g SeyaoMs were from 85000 to 12f>000. For t h i s range of Reynolds 
riamb«?s and for the pipe size and V /D-. r a t i o used the value for K was 
giver, as 0*6276* 
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To f a c i l i t a t e solut ion of the flew equation two curves were p lo t t ed , 
The f i r s t of these5 Figure 21;, was a plot of a i r density,, ~P 9 versus s t a t -
i c pressure i n inches of water with the temperature as a parameter* A 
barometric pressure was used i n the construction of the curve and any va r ia -
t ion from th is was accounted for by adjusting the s t a t i c pressure* The den-
s i t y ±s given by the expression 
1)4)4 h . 
f = _ £ l 
1 R T 
1 
where h - - upstream s t a t i c pressure , i n l e t a i r or i f ice 
R s the gas constant for air, , 53o3 
?3 - upstream temperature^ i n l e t a i r o r i f i c e , degrees Rankin 
Tm 390033d cixrv&s Figure 2$s i s a plot of mass flow, W , versus the product, 
PL h «i o By use of these two curves the mass flow ra te through the i n l e t 
a i r or i f ice could be determined rapidly and with an accuracy of three s i g -
nif icant figure So 
Determination of Air Flow through the Dust Injector»—The flew of a i r through 





V. - mass flow ra t e — l b e / s e c . 
3. 
C, - coefficient of discharge 
-%1 3 W^ream. a i r pressure — Ib»/sq«ft„ , absolute 
A,2 s throat area of nozzle •— s q . f t . 
T s upstream a i r temperature •— degrees Rankin 
I x 
D«M g d iameter of nozzle t h r o a t — i n , 
l & 
and f o r t he nozz le used 
G± - 0.975 
p±1 = 25 l b f t / s q o i n a 5 gage 
D i 2 ™ O o 2 2 1 i n ° 
T i l ~ ?0 d e g r e e s F « 
Average barometer r ead ing - 28„9 i n , Hg. 
The mass flow r a t e through t h e nozzle t h e r e f o r e i s 
w 0.53 X 0-97$ (2g + 28.90 x 0,1+91) lijlx x ^ x ( 0 , 2 2 l ) 2 
U x 1̂ 1+ ( 9 0 + U60 
W„ - 0*0331 l b . / s e c • 
.1 
Deterrrd. n a t i o n of Flow Rate of Cleaned Air •—The flew of c leaned a i r was 
ima&ured w i t h a Schu t t e and Koert ing Rotameter provided w i t h a s c a l e 
graduated i n cubic f e e t pe r minute a t a s t anda rd flew c o n d i t i o n of 100 
degrees F a h r e n h e i t and 50 inches of water p res su re , , 
During t h e t e s t s t he ro tamete r r ead ings and t h e temperature and 
p r e s s u r e of t h e a i r e n t e r i n g t h e ro t ame te r were r e c o r d e d . The ro t ame te r 
reading was then c o r r e c t e d by formulae provided by t h e manufac tu re r . The 




T « Ro 
where T - rotameter calibration temperature -— degrees Rankin 
E_ a measured air temperature — degrees Rankin 
ao 
?6 
The pressure correct ion mul t ip l ic i ty factor was 
where P « rotameter ca l ib ra t ion pressure — lb»/sq»in 0 5 absolute 
h -n - measured a i r pressure — l b 0 / s q a i n . 5 absolute 
By use of these two correct ion factors the corrected flew ra t e i n cubic 
feet per minute was obtained* 
By use of the pressure - densi ty chart5 Figure 2U* the densi ty 5 
f* s of the a i r flowing through the rotameter was determined and the weight 
:i a i r flowing per second was given by the expression 
R_ (corrected) 
W 3 = ^ - ^ 0 x ^ 3 
where 
W. s mass flow r a t e of cleaned a i r — lbo/sec 3 
R a rotameter reading — cu»ft«/min0 
f̂  s cleaned a i r densi ty — l b o / c u o f t 0 
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APPENDIX E 
CALCUIATTON OF OVERALL EFFICIENCY 
CALCULATION OF OVERALL EFJTCTENCI 
The o v e r a l l e f f i c i e n c y of a h y p o t h e t i c a l louver type dus t s e p a r a t o r 
c o n s i s t i n g of 9 b lades and designed to opera te w i t h 10 per eent blowdown 
1.3 computed i n t h e t a b u l a t i o n below. The ope ra t ing cond i t i ons f o r t he 
s e p a r a t o r a r e 
Ef f i c i ency of each l o w e r b lade •—• 99 per c e n t 
Mass of i n l e t a i r — 1000 i b s 0 per u n i t t ime 
Mass of i n l e t dus t — 1 lib. per uni t t ime 
Mass of a i r removed a t each leaver b lade —* 100 lb s„ per u n i t time 
Mass of Air Mass of Dust Mass of Mass of To ta l Mass 
Blade at Blade/ at Blade/ Clean Air Dust i n of Dust i n 
No. Unit Time Unit Time Removed Glean Air Clean Air 
(lbs.) (lbs.) ( l b s . ) ( Ibso) ( l b s . ) 
1 1000 loOOOOOO 100 0o00100000 0„00000000 
2 900 0.999000 100 0.00111000 0.00211000 
3 800 0.997890 100 0.0012U736 0.00335736 
k 700 0.9966U3 100 0„OOiU23?7 O.OOU78113 
5 600 0*995218 100 0o00l65869 Od006U3982 
6 500 0.993560 100 0.00198712 0e008ii269U 
J Uoo 0*991573 100 0800?,47893 0.01090587 
6 300 0.98919U 100 0.00329731 0«01i|203l8 
9 200 0.985796 10(3 0o00ir92&98 0.01913216 
Since a t o t a l of 900 l b s . of a i r has been c leaned and t h i s a i r o r i g i n a l l y 
conta ined 0 .9 l b s 0 of d u s t and c o n t a i n s 0o019132l6 l b s . of dus t a f t e r 
be ing c leaned t h e o v e r a l l e f f i c i e n c y of t h i s s e p a r a t o r i s 
~ •-,, ~„. . 0,90000000 - 0.0191321.6 , m Q ? ^ 
Overall efficiency s — — ^ - - — » - — , — — . x xuu s y(*oi, 
iv 
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